Introduction: Chronic hepatitis B (CHB) is a globally common infectious disease. Its clinical course is complicated. In Southeast Asia, nucleos(t)ide analogues (NA) are commonly used drugs for CHB treatment. Composite treatment outcome has often been used in CHB clinical practice, but rarely predicted epidemiologically. This study aimed to compare the composite treatment outcome between CHB patients with low and high treatment-naïve viral load, and to identify its predictors Methodology: This retrospective cohort study followed up 95 CHB patients on NA treatment for a year. Composite treatment outcome was defined as undetectable HBV DNA level, ALT normalization and, HBeAg clearance in the case of HBeAg-positive patients. Multinomial logistic regression analysis was applied to analyze the significant treatment response predictors. Results: Complete composite treatment outcome was achieved by 52% of CHB patients with an initial viral load < 6.5 log 10 copies /ml, but 31% of those had an initial viral load ≥ log 6.5 log 10 copies /ml. Outcome was predicted by HBeAg negativity (adjusted relative risk ratio, aRRR = 11.1, 95 % confidence interval, CI 3-41.3) and ALT normalization within the sixth month of therapy (aRRR = 6.7,). An elevation of ALT to more than 1.5 times the normal value (40 IU/ml) can lead to an incomplete response on NA therapy (aRRR = 6.2, CI 1.5-26.6.) Conclusion: Routine clinical markers other than pre-treatment viral load predicted composite CHB outcome on NA Therapy.
Introduction
Hepatitis B is a common infection causing a global prevalence of 350 million chronic hepatitis B (CHB) cases [1, 2] . An estimated 100 million hepatitis B carriers live in countries of the WHO-designated South-East Asia Region, where approximately 300,000 deaths are attributed to hepatitis B annually [3] .
Southeast Asian countries, such as Thailand and Myanmar, have a high prevalence of chronic hepatitis B infection, with 5% to 7% of the adult population being long-term carriers or CHB patients [2, 4] .
Compared to the natural evolution of CHB in western countries, the evolution of CHB presents some peculiarities in Asian countries where infection at childhood, and a resultant prolonged immune tolerance phase in infected persons, is common [5] . Unsuppressed, persistent viral replication contributes to a higher incidence of consequent hepatocellular carcinoma and CHB-related deaths [6, 7] .
There are two main options for anti-hepatitis B treatment: interferon therapy and nucleos(t)ide analogue (NA) therapy [8, 9, 10, 11, 12] . The latter is preferred by clinicians because of its easy administration, minimal adverse effects, and the prevalence of the genotype C virus in Asia [10, 13] . The hepatitis B clinical course is complicated and the treatment outcome is difficult to predict [14, 15, 16] . Laboratory tests to monitor hepatitis B prognosis are costly and as yet are not covered by the health insurance system in many Asian developing countries [17] . It would be beneficial to determine the practically useful predictors of CHB treatment outcome for such settings.
The baseline HBV DNA level determines the longterm clinical outcome and CHB-related mortality [18] .
It also influences the virological response to antivirals [19] . How treatment-naïve HBV DNA viral load level influences the one-year NA treatment outcome has yet to be studied in a Southeast Asia setting. We hypothesized that the CHB treatment outcome would be different, depending on the initial HBV DNA viral load of treatment-naïve patients. We therefore compared the composite hepatitis B treatment outcome between NA-treated patients with high and low pretreatment viral loads. Moreover, we aimed to determine the predictors of complete CHB treatment success after treating with NA therapy for one year.
Methodology

Study site
The study was conducted at the Hospital for Tropical Diseases, a tertiary care setting in Bangkok, Thailand.
Ethic approval
This study was approved by the ethics committee of the Faculty of Tropical Medicine, Mahidol University, Thailand (MUTM 2010-044-01). For the purposes of data collection, the director of the hospital permitted the review of the medical records of chronic hepatitis B patients attending and being treated at the Hospital for Tropical Diseases, Bangkok.
Study population
Eligible CHB patients were selected from 2005 to October 2010.
Inclusion and exclusion criteria
Patients who met the following criteria were included in the study: The study cohort was formed into two groups depending on whether the initial HBV DNA viral load level of the treatment-naïve patients was < or ≥ 6.5 log 10 copies /ml. A high initial viral load meant a pretreatment HBV DNA ≥ 6.5 log 10 copies /ml, and a low initial viral load meant < 6.5 log 10 copies /ml. The follow-up period was one year (12 months).
Study outcome
We defined the composite CHB treatment outcome as including all of the most interesting clinical elements: 1. Undetectable HBV DNA, indicating a successful and sustained suppression of HBV viral replication 2. ALT normalization, indicating minimal liver cell injury 3. HBeAg seroconversion, indicating immunological recovery and less viral replication [8, 9, 10, 11, 12] Data management and recoding of treatment outcome Complete treatment outcome was defined as an undetectable HBV DNA viral load, ALT normalization, and HBeAg negativity in the case of HBeAg-positive cases. Those cases who showed only an undetectable viral load were classified as "incomplete treatment outcome". Those who did not achieve the undetectable HBV DNA were classified as "lack of treatment outcome". Treatment outcome data was recorded in three categories as shown in Table 1 .
Laboratory tests and normal values
In this study, two methods of assessing quantitative HBV DNA viral load measurement were used. The first was the COBAS Amplicor Monitor assay (Roche Diagnostics, Basel, Switzerland), with a detection range of 3x10 2 -2x10 5 copies per ml in the majority of the cases. The second was the Abbott Real Time HBV assay (Abbott Laboratories, Abbott Park, IL, USA), with a detection range of 10-110 x10 6 IU/ml, (1 IU = 3.41 copies/ml) in 28% of cases. The median value of minimal HBV DNA detection limit in this study was 317 copies/ml. Thus the undetectable HBV DNA viral load in this study was taken to be an HBV DNA level < 317 copies/ml. This is an acceptable virological treatment outcome measurement according to current guidelines, and previous reports have indicated that patients achieving this level have been free of long-term complications [9, 18] .
Serum alanine aminotransferase (ALT) level was assessed using a Cobas C501 analyzer (Roche Diagnostics, Basel, Switzerland), and HBsAg, HBeAg, anti HBe antibody and serum alpha fetoprotein (AFP) assays were conducted by using an Elecsys 2010 analyser (Roche Diagnostics, Basel, Switzerland) at the Hospital for Tropical Disease clinical laboratory.
ALT normalization was defined as an ALT level less than 40 IU/ml. Disappearance of HBeAg after treatment was defined as HBeAg negativity.
Statistical analysis
Stata version 11 (StataCorp LP, College Station, TX, USA) was used to analyze the data. The continuous variables were summarized as mean and standard deviation (SD), or median and interquartile range (IQR) based on the distribution of data. Categorical data was summarized as percentages. At the 12-month follow up, the composite treatment outcome was compared between the two groups in the study. The non-parametric test of trend for the ranks of across ordered groups in Stata was used to compare the CHB treatment outcome, divided into three categories.
Predictor variables such as pre-treatment viral load, pretreatment ALT, HBeAg positivity, serum alpha fetoprotein, age, gender, and drugs used were analyzed using univariate multinomial regression, to determine the significant predictors of composite clinical outcomes.
A P-value less than 0.2 and clinical logic was used to discriminate the variables to be included in the final multivariate model. Crude Relative risk ratio (RRR) and adjusted relative risk ratio (aRRR) with a 95% confidence interval (CI) were produced by multinomial regression analysis using Stata version 11. Significance was decided by a P-value less than 0.05 and a 95% confidence interval.
Results
This cohort study was comprised entirely of Thai patients. The average age of the patients was 44.5 years with male patients making up 72.63% of the cohort study. The average pretreatment HBV DNA viral load was 5.22 (6.38-7.52) log 10 copies /ml l and the average ALT was 36 (64 -158) IU/ml ( Table 2 ). All patients were naïve CHB commencing NA treatment. Almost half of the patients (41.05%) received lamivudine.
We constructed the cohort based on whether the treatment-naïve HBV DNA viral load was < or ≥ 6.5 log 10 copies /ml ( Table 2) . Out of 95 patients, 47.37% had a HBV DNA viral load ≥ 6.5 log 10 copies /ml before starting nucleos(t)ide analogue therapy. Table 3 shows the pretreatment characteristics of the two groups of patients. Age distribution, gender, and proportion of patients with high ALT (above 1.5 times ULN) were similar between the two groups; however, the proportion of HBeAg-negative CHB was higher in the low initial viral load groups (Table 3) . Other prognostic factors were well-balanced with no significant differences between the two groups. The 
Treatment outcome after one year of nucleos(t)ide analogues in patients with low (<6.5 log 10 copies /ml) and high (≥6.5 log 10 copies /ml) pretreatment viral load
After one year of NA treatment, the low initial viral load group obtained 52% complete treatment response, compared to only 31.11% in the high initial viral load group. In addition, 28% in the low initial viral load group did not achieve undetectable viral load, compared to 51.11% in the high initial viral load group (Figure) . Thus the CHB treatment outcome was significantly different between the two groups (P for trend = 0.018) ( Table 4) .
Out of the total study population, 38.95% did not obtain undetectable HBV DNA level, while 18.95% obtained undetectable HBV DNA but not complete treatment outcome (Table 4 ). Complete treatment outcome was obtained by 42.11% (40 out of 95 participants) (Table 4) . Moreover, significantly better treatment outcome was observed in patients aged 45 years or older, HBeAg-negative CHB patients, and those who obtained ALT normalization after six months of NA therapy.
CHB treatment response predictors by multivariate multinomial logistic regression
Univariate and multivariate multinomial logistic regression analyses were used to determine the significant prognostic indicators for successful CHB treatment outcome. The final model (Table 5) included pre-treatment viral load, pre-treatment ALT, HBeAg positivity, age and gender.
Multivariate multinomial logistic regression analysis produced two significant predictors for complete treatment outcome: HBeAg-negative CHB (aRRR 11.13,CI 2.99-41.37) and ALT normalization in the sixth month of therapy (aRRR 6.67, CI 1.79-24.87). These are significant predictors for a complete and successful CHB treatment outcome after one year of NA. In addition, a pre-treatment ALT level higher than 1.5 times ULN is significantly associated with an incomplete treatment response, aRRR 6.21, CI (1.45-26.61).
Discussion
Uniqueness of the study
Hepatitis B clinical research is diverse, with different study outcomes being used as the single endpoint in many studies [20] . In this study, we used a clinically useful, realistic composite treatment outcome as the study endpoint measure. We monitored a cohort of CHB patients with low and high pretreatment viral loads to assess the one-year NA treatment outcome.
Current hepatitis B guidelines concurrently emphasize undetectable HBV DNA as the main Figure. CHB treatment outcome after 12 months of NA treatment outcome [8, 9, 11, 12] , as it indicates the sustained elimination or suppression of HBV viral replication. In addition, surrogate outcomes, such as ALT normalization and HBeAg conversion in the case of HBeAg-positive CHB patients, are of practical clinical interest. ALT normalization is a less specific marker for viral replication, but it is important when taking into account minimal liver cell damage and quality of the patient's life [9] . HBeAg clearance and HBeAg conversion are also meaningful turning points after starting treatment of HBeAg-positive CHB patients [9, 21] . Moreover, there have been reports of CHB-related complications despite the attainment of undetectable HBV DNA [14, 22] . Therefore, it is preferable to interpret the HBV DNA viral load in the context of the ALT level and HBeAg status [20] .
Better treatment outcome in low viral load and HBeAg negative hepatitis as predictors of composite outcome
The treatment outcome following a low pretreatment viral load was better than a high pretreatment viral load (Figure) . The difference was Abbreviations: NA, nucleos(t)ide analogues; HBV DNA, hepatitis virus DNA level viral load log 10 copies /ml: ALT, alanine aminotransferase; AFP, alpha fetoprotein; ULN, upper limit of the normal Note: ALT normal value is <40 IU/ml. significant both clinically and statistically. In the second part of our analysis by multivariate multinomial logistic regression, HBeAg-negative hepatitis was the significant predictor for complete treatment outcome (Table 5) . These clinical research findings are heralded by evidence from a recent viral kinetic study and metaanalysis of viral kinetic studies by Ribeiro and colleagues [23] . The viral clearance rate is significantly faster, and the viral half-life is shorter (13h vs.25 hr) for HBeAg-negative infection as compared to HBeAg-positive infection [23] . In addition, viral productivity is lower in most HBeAgnegative hepatitis patients [24] .
In the current cohort, assembled on the basis of the pretreatment viral load, 70% of the low pretreatment viral load patients were HBeAg negative ( Table 3) . The proportion of composite treatment outcome was shown to be higher among the low initial viral load group using trend analysis. After adjustment by all the covariant prognostic factors, HBeAg-negative hepatitis was shown to be the significant predictor of one-year NA response, aRRR11.13, CI (2.99-41.37) ( Table 5 ). Therefore, these findings were synchronized with each other and supported by viral kinetic reports.
Pretreatment ALT 1.5 times higher than ULN as predictor for incomplete treatment outcome
The ALT level at presentation is of predictive value concerning long-term complications and mortality in the natural history of hepatitis B [25] . In the current study, we found that a pre-treatment ALT level higher than 1.5 times ULN is a significant predictor of incomplete treatment response in NAtreated patients (Table 4) . Incomplete treatment outcome in this study refers to those patients who obtained an undetectable HBV DNA level without concomitant ALT normalization, or HBeAg conversion in the case of HBeAg-positive CHB. Rising ALT or flare of ALT in a patient indicates a loss of tolerance in HBeA-negative or flare in HBeAgpositive CHB [26] . Such patients are likely to achieve undetectable HBV DNA but they might have a sustained ALT elevation or an ongoing immunological response. Similar findings in Telvibudine-treated HBe Ag-positive patients were reported by Guo-Cai and colleagues in China [27] . In our study, 22% of the patients received Telbivudine. Six-month ALT normalization predicts composite outcome after one year of NA Assessment of ALT is an affordable laboratory test that can be monitored frequently in a resource-limited setting, and it is less costly than virological markers. Previous literature has pointed out the value of baseline ALT as a prognosis factor [28] . High ALT > 5 ULN is predictive of a combined treatment response in interferon therapy [29] ; however, evidence is not yet conclusive for NA therapy [29] . The immunological response and the presumptive phase of the disease is different between interferon candidate and NA candidate ALT level changes are dynamic and fluctuating throughout the CHB course. ALT changes after starting treatment might be useful for clinical prognosis. We analysed whether a normalized ALT level at the sixth month would predict the composite outcome at one year of NA treatment. A significant association was revealed after adjustment by multivariate multinomial logistic regression (Table 5) . Similarly, a previous study reported a significant correlation between ALT normalization at the six month and successful virological outcome at one year among the NA-treated, Thai, CHB patients infected with genotype B and C HBV viruses [30] . The current study result confirmed that ALT normalization at six months after commencing NA treatment significantly predicts undetectable HVB DNA and concomitant biochemical remission and immunological recovery (aRRR 6.67, CI 1.79-24.87). This would be a useful prediction guide for NA therapy treatment outcome in practice.
Overall, the one-year CHB treatment outcome on NA can be predicted by the pretreatment ALT level, the HBeAg status at the start of NA therapy, and ALT normalization at six months, while viral load influences the long-term clinical outcome.
Conclusion
Viral load suppression is an important CHB treatment outcome suggested by the guidelines but practically, a composite clinical outcome defines the quality of the patient's life. This investigation highlights the use of routine prognostic markers to predict the composite clinical treatment outcome in a developing setting where NA is widely used to treat CHB.
